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A comprehensire summary of resulrs was prepared on pluroriium disrriburiorr a id  
rrarisport in Los Ahmos ond Trinirv Site studv areas Despite dtvererices in emsysrems 
and plutonium source. there are severol similariries irt pliitoriium distribution berween Los 
Alarms and Tnrriry Site srudy oreas Firsr rhe soilslsediment comporienr conrains 
wruall-v all the plutonium mvenrory, with regetarroii a id  rodenrs contaming less rha)i 
0 1 R of the total iir all cases. 

Plutonium has penerrored to mnsiderable soil deprlis at both locarioits. alritough it 
has occurred much more rapid& arid 10 o Fearer degree irr tire allurial soil ar Los A I a m s  
rhan in the arid terrestrial I) stem at Tiinitv Sire However. i)i all cases less rhan 50% of 
soil-ahmn pluronium meiitories WOS found 111 the orrface 2 5  c m  TIie pluroiiium 
penetrarion deprh appears 10 correspond ro the moisture perietrarion deptli a i  Trinirv 
Site Piis is proboblv the gorerning factor a t  Los Alamos alrhough storm runoff and - 
accompanying turbulent ming processes complicate rhe process hi A cui-Pueblo 
Canson, rhe bulk of the soil column irivenron. lies ui the lower profiles. ari indieanon of 
riie loss of rhe plutonium from surface l a r  ers due to sediinerit trarisporr 

Soil pluto)rrum. i r i  most cases %cas assoriaied w r l i  rrlarridi coarse size fracnoris n i e  
silt-clav (e53 pun) frocrioii corirairied relatii elv little (< I jZ)  os rlie pliitortiiini tliis 
ref fecrs rite snzall amoitnts 01 this size jractio)i in srrida- area soils 411 exception was 111 

Area 21 ot Trinity. idrere the e53 pn soil si:e Iracnori corirairied aboiir 73% os soil 
phrroriiitnr cnr ettrones 77ie iinporra~tce OS rliese disrribitrzortal dijferertces was denion- 
strored for Trirrirr Sire. rrktre Basriold dirsr samples porn Area 21 contarried 54% 
silt-clav inorerial arid samples f rom Area Groitrid Zero (GZ) cotitaiiied less rlian IO5 of 
rliis iiioreriaL 

Cbiiceiitrorioris in herbaccous 1 eqetariori \t ere getierallv reIared io  rhose in soils f rom 
011 sites Our belief. olrlioriqli cirisubsrantiared, IS rhar e.rrerria1 contaniinntion of rlie pt31ir 
sur/oces is rlie m p r  coiiranririatuig meclurtrsm in rliese arid s\ srems 27ic plurorittcni 
Loiiccwrariorts in ccrtoiri rodent fissiies pom all sr idr  areas were related 10 rvrrespondiiig 
sui1 ~~itccrirrarioii~ 01 er 9.55 of the phitoli1ufri birrderi iri rodetits uas associared 
II irli pelt arid gastroirrrestrnal tract mmples, iridrcaririg the rlomri~ance of phl sical 
processes as the mrrranuriatittg rnecliaiiism 

1Iori:orrrd rroruport 03 so11 phrtoririim is Joniiriared bv ph) sical processes Ar Los 
-(lainns w r e t  go1 wiis the do\trrsrrem rrarisporr 01 soil phifuriiiirii arid iridicaiiorrs are 
rhur 11 ind is R rrlornr.li* )?me irnporrarir rransporr 1 e m r  ai  

111 )io case \cas rherc ctrdmce jur troplric leiel illcrease d i e  to plir sioIoprcalprocesses 
us piii~oririu~i passcs porn rlie wrl IV 1 cgeratw I O  rlrr rorllrlrs alriroiigh food 1iabirs 01 
radci i t s  art riot h ) w r  Sul]i~ierit~i Io preCl:ih! 0 1rOphC ki rl iricrcase Itk bplltq e 
1 1 ~ 1 t 1 v 1  er ilrat ri>Jr.riis ttnst IiAeli w n e  i)i!o co)Iracr \I rrli crii zrorimozrol pIlrrotririin 
jirp, r h  porn tlrc soil orrd rial iiiroriclr a JOOJ ~ e b  iritcrmLc!ix1 

in i t s  Sire 

4 03 



. 

.- 

404 TR-L\SLR-l.\IC ELE\lC\'TS 1,V TIIL t \'I IRO\ \IC\ T 

Scberal retieus on en\~ronment3l plutoruum distribution and tr3nsport mdic3ted 3 

general lack of published field d313 from representjti\e areas 01 the United States 
(Francis. 1973, Price. 1973. Romney, 1977. H3nson 1975, Hd.onson 1975) Seieral 
field studies of plutonium hate been mitiated m the last lew )cars to address 
mformational needs at a number of locations which encomp3ss a \ d e  spectrum u f  
climatic conditions ranging from deserts to humid loresis 3nd con131n plutonium lrom 
industrial, weapons, or accidental release sources 

The comparison of plutonium d3td from t u 0  southwest ecosystems in this chapter is 
one step in the total synthesis of information from various regions of the United Stares 
where types of  ecosystems and sources of plutonium differ T h e  southwest United States 
is an mportant study l o d e  because of the energy ~ c t i n t i e s  that may delelop 3nd the 
lack of understanding of the processes in arid systems ahich gobern distribution and 
transport of contamnants. In this regard studies on eniironment3l plutonium 3re usetul 
to dcbelop an understanding of patterns that are applicable to the trvlsport and fate ot 
other matenals 

The objecti\e of this chapter is to use existing plutonium contamna~ion in the 
canyon waste areas at Los Alamos and in the grasslands in the f3llout zone at Trinirv Site 

0 To evaluate the role of enrironmental transport processes in distributing 3nd 
redistributmp surface mputs of plutomum 

To evaluate the transport of en\ironmentd plutonium to the biosphere and the 
relationships that lead to  the potential for human evposure 

To compare plutonium behanor in these t u o  major southnest ecot)pes 

me tasks in &s study \\ere to (1 1 document plutonium inputs where possible 
(2) dr\tlop an understanding o f  distributions by intentory 01 major en\ironmental 
components, and (3) e\aluate transfers 3s tunctions o f  ecological \ariablrls Plutonium 3s 

used in this chapter, denotes '" Pu 3nd or ' ' :' Pu 
site Descriptions 
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TABLE 1 Some C h ~ ~ c t e r i s t r c s  of Plutomum Studv Areas at Los Alamos 
and Trimtv. Aew hlexico 

Mortan&d Acid-Pueblo k e a  GZ Area 21 

Annual precipitation 

Aver3pe annul  
cm 

temperature. *C 
Range 

soil 
Sod pH 
Sod cation erchange cipmitv. 

cquivalentrlLg soil 
Sod organic wbon. 5% 
Clay minenlopy 
Plutonium source 

sod 3 a *  . 3 4 * p , p  a epu 
concentration ratio. 
@G/g)/(CG/c) 

mum in cnrlronmcnt (} r) JS 

of 1973. the yea  most 01 
the data in this paper 
were collected 

Weathering time of Pluto- 

4 3  to 51 

7 s  

-26 to 36 
Sandy allur rum 
8 6 t o 9 2  
0 06 to 0 09 

0 10 to 0 40 
Amorphous 
Industrial 

0 35. 
liquid rftluent 

0 to 11 

39 to 54 12 to 25 30 to 40 

7 1  IS 12 

-23 to 31 
Sandy alluvium 
7 1 t o 7 9  
0 0 5 t 0 0 1 0  

-5 to 39 
Smdv loam 
7 5 t o X 4  
0 02 t o  0 0 2  

-4 to 2 8  
Loam 
8 2 t o 8 4  
0 02 to 0 03 

0 04 to 0 54 
Amorphout 
Inductrial 

100' 
liquid eillumt 

0 40 to  0 7 0  
\ l I \ L J  

\Leapon tallout 

0 7s  to I 5 
\li\ed 
\\capon tauout 

2 1' 

14 to 30 23 25 

*See \hers et 3L 11977) \\ban Vrera and Pcicrs ( 1 9 7 6 ~ )  
+See heher 3nd Bailct (1976) 

recened an estimated 173 mCi o f  plutonium Jlortmdad C x n o n  has been u s d  for the 
least amount o f  time (from 1963 to present) and Lurrentlv receives most of the 
hboratory's liquid \vastc plutonium As of 1973 and 1974 the ) e m  from nnich data rn 
this chapter \\ere collected. \lortand~d C ~ n k o n  had rccened about bl mCi ot plutonium 

Surface \ \ m r  e\ists ~q the upper reaches o f  both canvons as a result 01 Lborarory  
effluents andlor domestic s e ~ a g e  treatment effluent the loner portions of the can) ons 
are norrndly dry Surface stater. mduding the pulse releases of plutonium-contaminated 
liquid effluent rapid!$ percolires into the allunum and generallv disap~ears  about 1 h i  

downstream Relatnely large flows ocLur m both cmvons  during storm runotf e\ents 
Storm runoff  reaches the Rio Grande \'13 Acid-Pueblo and Los A h m c s  Cmvons (Fig 1 ), 
but the  runotf \ m e r  in VortandaJ C a m o n  rapidlv soaLs into the thick aIlu\til deposits 
and seldom reaches postouttall distJncLs bevond 3 km ,\tanv rmstorms  31 Los 4 x n o s  
3re rntcnse o i  short duntion Jnd rcsulr in dramaric ilash floods in the  can) ons 
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3CCOUnts for about 90% of the annual precipitation The are3 supports a relmrelv dense 
vegetation c o w ,  considenng the region. total q e t a t i v e  ground coier ranges trorn about 
15 to 255 (Sehet and Badey. 1976) 

On July 16, 1945, a 1Ol.t atormc bomb \vas detonated 31 m abore the ground 
surface at  Trinity Site dunng a rclatitely unstable climatic regme Hhen wnds \\ere to the 
northeast and uere accompanied by  mternuttent thundershowers Fallout trom the cloud 
deposited m a northeast direction an the general pattern outlined in Fig 1 ( k r s o n  et al , 
1951) Rehtne ly  high fallout deposition occurred on Chupadera blcsa about 35 to 55 h 
from the crater. The reasons for the heavy deposition in this zone are unknoiin but mav 
b e  related to weather or topographic factors Vie elevation mcreascs from about 1500 m 
a t  the crater to 2100 m on Chupadera Mesa T h e  fallout zone w h i n  15 Arn of the crater 
if on the U h t e  Sands blisslle Range. which IS under U S Army junsdiction Beyond 1.5 
km the fallout zone IS on m x e d  pnvate and public (Bureau of k n d  hlsnagement State 
and U S. Forest SCMCC) lands that are used h e a d y  for domestic Iitertock grazing 

Plutonium Distribution 

Genera I 

T h e  chronic release of treated liquid effluents to the Los Uamos canvons has resulted 
in soil plutonmm concentrations that are generally much hghcr t h m  those at Trinity 
Site Concentrations of a few hundred picocunen per gram (dry wcisht) are found in sods 
from the can)ons, whereas those in Trrnity sods a\-erage less than I pCi'g (Table 2) 
Worldwide fallout concentrations of 2 3 9  '''h m bs Usmos  and TrinitL Site sods 
average about 0 01 pCi,'g (4pt and Lee. 1976 Nvbm M e n  and Xeher 1976b) 

TABLE 2 Ranges in Plutonium Concerltration and Vanabditv 
Estimates rn Some Los Alarnos and Trinit\ Ecos\ktcm 

Components i n  1973 and I974 

Component. IDS Ahmob Trrni~v 

1 - 290t 
0 31 -2 
190-bU 000 

0 05-16  
0 6 3 - 2  2 
0 7 -600 

7-700 
0 I f ) - 1  j 
0 2-20 

0 002-0 57 
058-1 1 
0 07-5 

3 -1QO 
0 5 2 - 1  5 
0 03 -2  

6 
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Vegetation at both study locations contains the highest plutonium cuncentntions o f  
any biotic component yet e . tmmcd (HaLonson and BOSIICL 19761 Plutonium 
Concentrations m natite grasses and forbs ranged from 0 OS to 76 pCi'g (drv \\eight) .it 
Lot Alamos and from 0 002 to 0 37  pCi,'g UI the Trmitv fallout zone Ie\els in \egetation 
Senernlly do not exceed those m correspondmg sori umplcs XdJitionallv. the highest 
plutonium concentrations were associated wth plants growng clusest 10 the Sround 
surface, taller growth forms. such as shrubs and trees contained the lowest concentra- 
tions (HaLonson and Bostick 1976. HaLonson and Johnson 1974 I 

Plutonium concentrations in rodents. 3s tepresentati\es o f  the pnmary consumer 
trophic level, reflect the low physiological atailablitv of the element Pooled samples of 

even though habitat solls may contain up to a few hundred picocunes per pr3m 
Plutonium concentrations in whole rodents ranged from anah tical detection limits of 
about 5 fCilg to a few hundred femtocunes per gram most oi this radioactniry \\as 
associated wth samples of pelt and ptromtcs tmsl  (G1) tract and contents 

Hutomurn concentration \ari3bility, as characterired by the coetilLienr of \ariation in 

solls, plants. and animals. ~ 3 s  uniformly hgli at all rtudv sitcs It  commonh tarled up to 
10,  w t h  extreme values approaching 3 0 (Ilalonson JnJ Bosticl, 1936 \\ h m  \her3 
and Seher. 1976b) Variabilirv ot this inapnirudc 113s hcen ubsened Jt m e r a l  

2 environmental plutonium study sites in the Lnited States ( Little 1976 Gilbert and z Ebcrhxdt,  1976) and results in  the need tor \cry IJrfe urnple w c s  in tield experiments 

1 
- 

4 
C * internal organs from rodents generally do not contain measurable levels of plutonium. 

i 

?. 

-. 
Hun:onrof Disrrxutriw. Horizonr~l plutonium concentration grsuicnrs aie e\ ident in 
both study areas rcllectmg the dispersion lrom point sourccs 01 ptutoruum Conctntra- 
tions in the bs A h n O S  stream chinnels decrease one to tu0 orders of magnitude in a 
predictable fashion (Y)han. \her3 and Pcters 19-63 ILLonson and BostiA 1936) 
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V c m C d  DlSlribufittrt Some d3t1 from Area 21 (see Fig I )  31 Trinity Site indicate th3t  

the plutonium origin3Uy depositcd on those enbirons in 1945 113s been dcplerrd from the 
Soli surface o w  3 13 )r period (Table 3) Are3 21 sods contained 3 b w t  700 iici'm' in 

1950 IOl~fson. Sishiti. md L m o n .  1957) 3nd 13 nCi,'m' UI 1973 ( V j h 3 n  Viera .  3nd 
heher. 1976b) 

The depletion of plutonium from the sod s u r i ~ e  is primarllv due I O  the \ertic.il 
lr3nsport of the clement into the sod protile ra ther  than to iiorizoiit~l Irsnsport a u a v  
from the  study silt by uqnd or \met .  Evidence that plutonium h3s m i p t e d  into the soil 
profile 3t [he two Trinity Site locations IS Jlustrared u1 Table 4 and is presented in detail 
by S>han. \ h a ,  and Sehn (1976b) In 1973 plutonium \\as detected at  the 23- 2nd 
35-cm depths at  Areas C Z t n d  211 respectitely.   here as IJI 1950 plutonium \VJS contined 
e\clusnely to the surface 2 5 cm (Olafson. Xishita. and hrson. 1957) T h e  pstterns of 
distribution \VI& depth \\ere typic31 of those obsened in terrestrial sods LII Ih31 

plutonium concentrations decre3sed w t h  depth 

TABLE 3 Compmson of Plutonrum Concentntioiis 
in S d x e  (0 to 1 5  cm) Sods from Chupdcra  \le- 
ass Functlon of Time After the Atomic Boinb Te\t 

a t  Trinity Site in 1945 

Plutonium c o n c c n m t t o n  nCi m a  

1YSO. 19s I I Y 7 3 +  



The depth of plutonium tr3nsport mto channel 3nd b3nA sod proides in  the Los 
Aamos canyons is much greater than th3t 31 Trmity In are35 \\here permanent surface 
water exists fi e ,  \lortandad Camon)  ele\sted plutonium conccnir3t1ons 3re lound 31 

depths of 100 cn in the channel 3nd 31 depths o f  50 em in the streain b J n L  Plutonium 
concentrations m channel sods do not show 3ny consistent p ~ t t e r n s  w t h  sampling depth 
whereas dccreaslng concentrations \nth depth are e\ ident .n bank soils In downstream 
areas \\hxh are dry except during pcnods of storm runotf plutonium occurs 31 depths of 
at least 30 cm (Syhan, Miera, and Peters. 1976a) 

The transport of plutonium into the channel allu\ium and stream bank sod has been 
rapid, as shown by the presence of  elevated at the lo\\er sampling depths E h a t e d  
"aPu was obsened at sod depths of 20 cm m Nortsnd3d Canyon in 1972. about 4 v r  - 
after the first significmnt release o f  h i s  element to the canyon (HaLonson 3nd Bostick 
1976) In contrast. fallout 2'9*240pU m Trinity sods 5 y r  after the bomb test was 
confmed to the upper 2 5 cm of sod (Olafson. Sishita and b r s o n  1957)  

A common feature o f  plutonium distribution m sods from both locations \\as that m 
1 9 7 1  less than one half the total plutonium in the sod column \ms present m the surfjce 
2 5 cm (Table 4)  despite differences m sods 3nd source oi plutonium In Acid-Pueblo 
Canyon 10) r after the decommissioning of those facdities for \\3ste disoos3l 3n ater3ge 
of 67% of  the sod column m\entory was below the 12 5-cm depth uhich reflects 
depletion of plutonium from the surface layers by \ertical and horizontal trZnsDort 
processes Prenous stuaies m the cmn) ons have s h o m  that horizontd trmsoort o i  sod 
during storm runoff e\ents is an importmt mechanism in the do\\nstream transport of 
plutonium (Purtlmun. 1974, H3Aonson hyhan, and Purtymun. 1976) 

T h e  depletion o f  plutonium from the sod surface decreases the probabllity of 
horizontal transport bv  w n d  and \\mer but m3y incre3se tbe oroba~iliry of uptake by 
\egetarion dunpg tbe time that the element is distributed \\ithin the plant rooting zone 
Howeier, o\er long ptriods of time continued motement of plutonium mto the sol1 
protlle may remolt  the element from the biologicailv actnr. zone oi the soil 



TABLE 5 Comparatiie Diitribution o f  Plutolllum in S u r f x e  Soil 
(0 to 2 5 c m )  Sire Fractions a t  the Los Alamos and Trinitv Studv A r e x  

_ _ ~  
Soil size fraction* 

~ 

<S3 Mm* 53-105 Frn 105-500 pm 500-1000 rm 1-2 m m  2-23 mm 

pci Pu/6+ 8s 0 
Soil \\eight. 5 3 0  
Rt in irJrtion. ': 7 0  

\loriandaJ Can) on 

1300 0 610 0 
I S  I4 0 
6 0  27 0 

Acid-Pueblo Canlon 

60 0 25 0 
3 0  1b 0 
7 0  31 0 

Trinity Siie. b e a  CZ 
0 os 0 92 

11 0 49  u 
0 43 76 0 

Trinitv Site u e a  2 I 

1 7  0 4' 
18 0 25 0 
16 0 5 5  

310 1) 
21 0 
21 1) 

8 5  
26 0 
19 0 

2 1  
23 0 
3'4 0 

0 64 
4 2  
1 4  

s7 0 69 0 
26 0 3s 0 
16 0 16 0 

7 9  25 0 
2s 0 24 0 
17 c) 19 0 

5 3  0 01 
6 1  2 0  

25 1) c) u1 

1 6  0 23 
' 9  I4 0 
' 4  1 s  
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most of the plutonium in our study arcas is cltternallv Jcposited on p h n t  surfaces 
Inlorm3tion supporting this conclusion mcludcs 

0 The hi$ plantlsod pluiomim concentration ratios Lompxed to greenhouse studies 
0 The obnous piesenLC of sod i n  \eSetation samples 

In Jdditmn other mesrigators hate sho\\n ihai  some of rlie pliitonium associsted uiih 
natnc \veget~tron samples cul be removcd by  3 \ \ash treatment (Alldredge 4rrhur. and 
I h t t .  1977). 

Rc t . k w  

RoJcnr-Sd R c ~ u ~ ~ u / ~ s h p s .  Plutonium in  internal organs (1  e h e r  bone snd muscle) 
of rodents sampled s i th in  our studv areJs cenerallv L o d d  not be measured Ho\\e\er 
concentrations of plutonium in pelt and GI tract samples \ m e  readJy measured and were 

Pcrnnt 0 1  IOt3I Tomi pluroninni * PLrccnt toisl 
tlrrue body w i g h t  pCi 0 plutonium 



TABLE S i'luloninln Iweniorv R ~ I I O S  for Some Compoimts of  Lor \lamor 
and Trinit\ Study ArcJs in hew \lrxico 

*tnrcntory ratio = ( p a  h:m'  UI component)/(totd 61 hlrn') plutonium \aluer a ~ e  I"  '**pu cxcept 
\fortandad Can)on which is 'I'h parenthetic value u coclficicnt of \attation (CV - standard devirtionlrneani 

The relatne imentory o f  plutonium \whin 3U our study ecosystems IS governed 
prim3rrly b y  component mss rel~tionships since differences in mass of  the v3rious 
ecos) stem components SIC much greater than the ditferences in plutonium concentrit~ons 
between the s3me components The d3t3 rn Table 9 demonstrite tint miss mJentory 
ratios for 'donmdad Qn)on pronde 3 good apprournation of  the plutonium mientory 
ratio 

TABLE 9 \13s 3nd Plutonium Imentorv h t i o s  
in \lortan&d Can\ on at h s  Ahmos 

Component \lass inventory Plutontum 
Component mast grn' ratio tn\enrorv ratio* 

Sod 
(0  to I S  b m )  1 3  x 10' 0 999 0 999 

Crrrt 21) u 9 0 x lo-' 4 I x 10-1 
Forb 11) U 4 4 x lo-' 4 9 x lo-' 
Rodents 0 03 1 3 x lo-' 1 5 x IO-' 

PI ut o n I u m Transport 
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char3~t~r1stics  of the \\aterrhcd and the tntensirv of runoif flow [Purt) mun. 1974, 
tkkonson, Slhan.  3nd Purl! mun 1976) T r e  dependency of  concentrations o f  
susgended sediments 3nd plutonium in runoif on ilow rate  is indicated m Fig 3 for one 
ramstorm runoff ctent in Mortandad Can)on Tlie nonlinearity in the c u n e  is due to the 
relalionshi? of flow rate \\ith the particle size of resuspcnded matend At flous less than 
0 25 m'lsec, only the sdt-clay size materials were in suspension rn the runoff HoHever. 
at  flows greater than 0 3  m','sec. c o ~ r s e r  sands contaming most of the sediment 
phtonium in\enton' (Table 5) were resuspcnded, u hich resulted in mcreased suspended 
sediment and radionuchde concentrations H~gh flow rates 1) pically occur durms the 
early phases of runoff events at Los Xlsmos owrng to the mtcnse nature and short 
duration of  area ramstorms We found that nearly 80% of the sediment and 70% of the 
radioacti\ity w s  tr~nsported w t h m  the first half of such elents 

Additionally, there was a highly significant (P c 0 01 1 relationshio between sus- 
pended sediment and radionuclide concentrations m runotf wirer Ibour 99% o f  the 
radio3ctnity in runoff \\.as associated with suspended sediments greater thm 0 45 pm in 
diameter. whereas only 1% o i  the  fadioacti\iIv in the liquld p h e  n a s  associated nil11 

sediments less ih:n 0 45 pm in d imeier  

I 

I I 1 1 i 1 

FLOIV R A T E  mJ ~ P C  



Studies were recently begun on w n d  trmsport of plutonium in  he Trinitv fA1out 
zone sthere etidence of w n d  erosion of  soil is  rcadilv 3ppJrent 4 l h o u g h  11,ese srud~es 
are not complete. setera1 important observations hate bcen made First SOJ flux bv 
surtacc creep and saltation processes i s  highlv s e ~ s o n a l  m d  has peaicd i n  the months of 
July and August for t a o  consecuti\e years of observation Second soil particle size 
analyses on dust-collector umples show major differences in the amount of sdt-clay 
material bctucen study sites About half the dust material a t  Area 11 IS i n  the sdt-clay 
site range. \\hereas less than 1% of collected dust 31 Arc3 GZ is in the silt-clay size range 
These differences become important when coupled nith thc plutonium concentrations in 

the tarioui sod parttcle size fractions (from Table 5) For example silt-~lay material in 

dust coll&tors at &e3 21 contains oter 200 times as much plutonium as the silt-clay 
. fraction of dust samples a t  Area GZ 

I 

Summary and Conclusions 

Despite differences tn ecosystems and plutonium sotirce. thcre 3re several sirnilanties rn 
plutontum distribution between the Los 4 a m o s  and Trmitv studv  are^ First the 
sods-sediment component contains tirtudly a11 tlic plutonium. wirh iegerarion and 
rodents contaming less than 0 17 o f  the total Plutonium 113s penetrated to considcr3blc 
sod deorhtat both locattons a111iough i t  113s oLrurred much more rJpialv and 10 a greater 
degrtr tn the adu\ial sod at  Los Akmos than in the arid tcrrestrid soils at Trinity At 
both locations less than 50"4 of sod column plutonium inlentones \\as found in the 
surface 1.5 cm. 

The plutonium penetrztion depth appears to corrcspvnd to the moistlire pcnetr~ t ion  
dcph in the Trinity fallout zone This IS problbly d i t  gwerning bcror 3t  Los Alamos 
although storm runoff and accompm) mf turbulcnt mi\in: complicate the process In 
Acid-Pueblo Cm)on. the bulk 01 the soil column imentory lies in the loner protiles an 
indic3iion of the loss of plutonium from surface layers due to sediment transport 

T h e  plutonium in most cases i n s  associated u i t h  relm\clv L o a m  soil size tractions 
n.ic ~ i I t - ~ l ~ y  (-55 ,in) 1rJb1iOIl c m t . t i I i b d  rdJti\elv lliilc I + I5 r )  01 t ~ i e  plutonium J 

rcilcction oi the small arnoiin~s ut 1111s size traction in stud) .ma  soils e\ception \ms 
in Are3 21 31 Trinity where ilie e52 pm sod size f rx t ion  contained Jbour 755 ot soil 
plutonium tn\enroncs The imporran~e of these distributional dil fcrcnces sterrs from the  
fact that SJt-Cla\ sod narticlcs ~ r n  be transported farther and are morc lihcly 10 adhere 
to biologic31 S U t k ? S  than larger size tractions 

Concentrmons in Iicrbaccous ground \egttJtion were scneralh rclated to those in 
sods from 311 sites. Our data stronrly indicJte that c\tern~l ~ontamtnation 01 plant 
surfices is the inaiur soil to clmt transport nrechanism in ilicse arid s\stems Tlic 
Fluionium con~entr31ioiis in pdt and GI tissues \\ere rclatcd to Lorresoondins soil 
wnccntrJtions JI all sites O\Lr 95'7 ut thc plutorrlwn boJv burdcn in roJcnts \\JS 

Jssuci3w.I \\it11 pelt J ~ J  CI tract samples Jn indicatiun ut Ilic duminJncc ut ph\sicJl 
JnJ  \)r owlocicd proLCses 3s ilrc L u x ~ i i i i n J t i n ~  iiiccluiiivn 

Iluri/on1~1 trmtpiirl ,n btiili Jreas is JorninJtcJ b\ \\ind- l i d  \.tIcr tlriten prcLc'>sLs 
\ t  L i r  \Idmut s i i r i ~ ~ c .  riinoiI \\Jter :o\crns 11ie tJu\\iistrcJt7 i r ~ i i w t i i i  t i l  ~ ~ l i ~ t o r i i i i , i i  

i ~ , i r . ~ t i u n ~  JIJ i h ~ t  nind iq I I k l J t l \ b h  mure i i n i ~ t ) r i ~ ~ i t  t i  iiisptn1 \cciur ,I f r i r i i l \  
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ahhough splashup of rod by raindrops m3v be 3n important transport mechanism KI 
these arid. sparsely vegetated study loc3tions 

nitre \tJS no e\idente for 3 ~ r o p h i c  l e ie l  increase of plutonium from rod to 
tcgetalion to  rodents. We bclicte that rodents come into c o n t x t  111th en! ironmental 
plutonium directly from the sod and 10 a lesser extent through a food tbeb intermediary 

Research Needs 

n~e imponante of the sods component as a receptor of plutonium released to the Los 
Alomos and Tnnity Sire study areas coupled wth the direct role these soils play in 
contamvl~tion of biota emphasizes the importance of understanding soil formation and 
transport processes Factors go\eming rhese processes w11 be insrrumenta1 in dctermminp 
plutoniun distribution and transport as 3 funcnon of time Hsdrologic and \\ind 
transport proceses discriminate against certain soil particle sizes rhereiore studies on the 
relatronship of plutonium to sod separates wll be uscful in evalumng tile potential 
importance of 3 transport pathmy and the resultmg hazard We h o w  for euamule th3t 
w n d  transport of sdt-clay material at %rea CZ Triniry Site would represent J ~eIati\eIv 
smaller inhalation hazard than corresponding trsnsport a t  Are3 21 simply because rhe 
sdt-clay fraction o f  Are3 GZ sod contains \cry little of che ~ lutonium in\entorv 

Factors affecting m y a t i o n  o f  plutonium into rhe sod protile r e a w e  understmding 
since depletion of plutoniuni from the sod surtace w i l l  Iihely reduce the hontonral 
transport potential and may alter the a\aiIabdity of  the clement to q e t a t i o n  

Field studies should be conducted to qumtify the relxiue importance of the root 
pathlmy for contaminating \egetation to sene as 3 basis for judfin,e 1h3nges In 
physiological 3~~11ability af enmonment31 plutonium w t h  time 4s !et t e w  rkld studies 
Ira\e been able to show conclusnclv the relacite iinportancc of the I N O  contamination 
mechanoms. 

In our oprnion studies should be coniinucd on rhc 3taiIabi1it\* ot plutonium to natilc 
animals In our study ccoqstems l io\wer on the basis 01 Drescnt conccntrations and the 
high tanability associared \ \ itt i  thesc m e x m m c n I s .  \\e belir\e tlrar ihc. treiriiencv ot 
umpling should be drastically rcducd Perhaos ampling a t  mtcr\aIs 01 5 to lo! r \\'odd 
be adequate to judge \\herher significant ~h3n:cs In plutonium 3\ailabiI1tv ha\e occurred 
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